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1. 

PYRIDYL SUBSTITUTED HETEROCYCLES 
USEFUL FOR TREATING OR PREVENTING 

HCV INFECTION 

1. FIELD OF INVENTION 

This application claims benefit under 35 U.S.C. S 119(e) 
to application Ser. No. 60/405,467, filed Aug. 23, 2002, 
application Ser. No. 60/417.837, filed Oct. 11, 2002 and 
application Ser. No. 60/471.373, filed May 15, 2003, the 
contents of which are incorporated herein by reference. 

2. FIELD OF INVENTION 

The present invention relates to pyridyl substituted het 
erocycles and compositions thereof useful for treating or 
preventing Hepatitis C virus (HCV) infections. In particular, 
the present invention relates to pyridyl substituted hetero 
cycles and corresponding hydro isomers, compositions 
thereof and the use of Such compounds and compositions to 
inhibit HCV replication and/or proliferation as a therapeutic 
approach towards the treatment and/or prevention of HCV 
infections in humans and animals. 

3. BACKGROUND OF THE INVENTION 

Hepatitis C virus (HCV) infection is a global human 
health problem with approximately 150,000 new reported 
cases each year in the United States alone. HCV is a single 
stranded RNA virus, which is the etiological agent identified 
in most cases of non-A, non-B post-transfusion and post 
transplant hepatitis and is a common cause of acute sporadic 
hepatitis (Choo et al., Science 244:359, 1989: Kuo et al., 
Science 244:362, 1989; and Alter et al., in Current Perspec 
tive in Hepatology, p. 83, 1989). It is estimated that more 
than 50% of patients infected with HCV become chronically 
infected and 20% of those develop cirrhosis of the liver 
within 20 years (Davis et al., New Engl. J. Med. 321:1501, 
1989; Alter et al., in Current Perspective in Hepatology, p. 
83, 1989; Alter et al., New Engl. J. Med. 327:1899, 1992: 
and Dienstag Gastroenterology 85:430, 1983). Moreover, 
the only therapy available for treatment of HCV infection is 
interferon-C. (INTRONR, A, PEG-INTRONRA, Schering 
Plough; ROFERON-AR, Roche). Most patients are unre 
sponsive, however, and among the responders, there is a 
high recurrence rate within 6–12 months after cessation of 
treatment (Liang et al., J. Med. Virol. 40:69, 1993). Ribavi 
rin, a guanosine analog with broad spectrum activity against 
many RNA and DNA viruses, has been shown in clinical 
trials to be effective against chronic HCV infection when 
used in combination with interferon-C. (see, e.g., Poynard et 
al., Lancet 352:1426-1432, 1998; Reichard et al., Lancet 
351:83–87, 1998), and this combination therapy has been 
recently approved (REBETRON, Schering-Plough). How 
ever, the response rate is still well below 50%. Therefore, 
additional compounds for treatment and prevention of HCV 
infection are needed. 
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4. SUMMARY OF THE INVENTION 

In one aspect, the present invention provides pyridyl 
substituted heterocycles which are potent inhibitors of Hepa 
titis C virus (“HCV) replication and/or proliferation. In one 
embodiment, the compounds are pyridyl Substituted hetero 
cycles and B-ring hydro isomers thereof according to struc 
tural formula (I), having the following “core” and number 
ing convention: 

2 3 

A. w 

B U- C 34 is 4 
-----134 ----- 

6 
4's 

where the Bring is an aromatic or nonaromatic ring that 
includes from one to four heteroatoms. X, Y, Z are each, 
independently of one another selected from C, CH, N, NR', 
NR', S or O and U and T are each, independently of one 
another, selected from C, CH or N, provided that X and Y 
are not both O. One of rings “A” or “C” is a pyridyl ring and 
the other is a phenyl ring or a pyridyl ring. When “A” and/or 
“C” is a pyridyl, the ring may be attached to the illustrated 
“B” ring via any available carbon atom. Thus, the “A” 
and/or “C” rings may be pyrid-2-yl, pyrid-3-yl or pyrid-4-yl 
rings. 

The “A” ring includes a substituent positioned ortho to the 
point of attachment (2- or 6'-position) and may optionally 
include from 1 to 4 additional substituents. The nature of the 

Substituents can vary broadly. Typical Substituent groups 
useful for substituting the “A” ring include halo, fluoro, 
chloro, alkyl, alkylthio, alkoxy, alkoxycarbonyl, arylalky 
loxycarbonyl, aryloxycarbonyl, cycloheteroalkyl, carbam 
oyl, haloalkyl, dialkylamino or Sulfamoyl groups and Sub 
stituted versions thereof. In one embodiment, the “A” ring is 
disubstituted at the 2- and 6'-positions and unsubstituted at 
all other positions. 
The “C” ring is substituted at the meta (3" or 5") position 

with a substituent of the formula - NR'C(O)R', where 
R" is hydrogen, alkyl or methyl and R' is substituted alkyl, 
haloalkyl, dihalomethyl, dichloromethyl, cycloheteroalkyl 
or substituted cycloheteroalkyl. In one embodiment, R' is a 
haloalkyl or a dichloromethyl group. The “C” ring may also 
be optionally substituted at one or more of the 2"-, 4"-, 5'- 
and/or 6"-positions with the same or different halo groups. 
As will be recognized by skilled artisans, the actual 

electron distribution or double bonding pattern of the “B” 
ring will depend upon the identities of substituents X, Y, Z. 
T and/or U. As illustrated, structural formula (I) is specifi 
cally intended to include at least the following six structures: 







US 7,157,473 B2 
7 

-continued 
R11 R12 

V -( R18 N 
A 

RS-N :-( O 
A S. 

B1 N H MRL 

D 

wherein A, B, D, E, G, J, K, L, M, R'', R', R' and R' 
are defined infra. 

In another aspect, the present invention provides compo 
sitions comprising the compounds of the invention. The 
compositions generally comprise a pyridyl Substituted het 
erocycle or a hydro isomer (as discussed throughout the 
specification) of the invention or a salt, hydrate, Solvate or 
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8 
N-oxide thereof and a suitable excipient, carrier or diluent. 
The composition may be formulated for veterinary uses or 
for use in humans. 
The compounds of the invention are potent inhibitors of 

HCV replication and/or proliferation. Accordingly, in still 
another aspect, the present invention provides methods of 
inhibiting HCV replication and/or proliferation, comprising 
contacting a Hepatitis C virion with an amount of a com 
pound or composition of the invention effective to inhibit 
HCV replication and/or proliferation. The methods may be 
practiced in vitro or in Vivo, and may be used as a thera 
peutic approach towards the treatment and/or prevention of 
HCV infections. 

In a final aspect, the present invention provides methods 
of treating and/or preventing HCV infections. The methods 
generally involve administering to a Subject that has an HCV 
infection or that is at risk of developing an HCV infection an 
amount of a compound or composition of the invention 
effective to treat or prevent the HCV infection. The method 
may be practiced in animals in Veterinary contexts or in 
humans. 

5. BRIEF DESCRIPTION OF THE FIGS 

FIG. 1 provides exemplary compounds of the invention; 
and 

FIGS. 2–63 provide exemplary synthetic schemes for 
synthesizing the compounds of the invention. 

6. DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

6.1 Definitions 
As used herein, the following terms are intended to have 

the following meanings: 
“Alkyl,” by itself or as part of another substituent, refers 

to a saturated or unsaturated, branched, straight-chain or 
cyclic monovalent hydrocarbon radical derived by the 
removal of one hydrogen atom from a single carbon atom of 
a parent alkane, alkene or alkyne. Typical alkyl groups 
include, but are not limited to, methyl; ethyls such as 
ethanyl, ethenyl, ethynyl; propyls such as propan-1-yl, pro 
pan-2-yl, cyclopropan-1-yl, prop-1-en-1-yl, prop-1-en-2-yl, 
prop-2-en-1-yl (allyl), cycloprop-1-en-1-yl, cycloprop-2-en 
1-yl, prop-1-yn-1-yl, prop-2-yn-1-yl, etc.; butyls such as 
butan-1-yl, butan-2-yl, 2-methyl-propan-1-yl, 2-methyl-pro 
pan-2-yl, cyclobutan-1-yl, but-1-en-1-yl, but-1-en-2-yl, 
2-methyl-prop-1-en-1-yl, but-2-en-1-yl, but-2-en-2-yl, buta 
1,3-dien-1-yl, buta-1,3-dien-2-yl, cyclobut-1-en-1-yl, 
cyclobut-1-en-3-yl, cyclobuta-1,3-dien-1-yl, but-1-yn-1-yl, 
but-1-yn-3-yl, but-3-yn-1-yl, etc.; and the like. 
The term “alkyl is specifically intended to include groups 

having any degree or level of Saturation, i.e., groups having 
exclusively single carbon-carbon bonds, groups having one 
or more double carbon-carbon bonds, groups having one or 
more triple carbon-carbon bonds and groups having mix 
tures of single, double and triple carbon-carbon bonds. 
Where a specific level of saturation is intended, the expres 
sions “alkanyl.” “alkenyl, and “alkynyl are used. Prefer 
ably, an alkyl group comprises from 1 to 15 atoms (C-Cls 
alkyl), more preferably from 1 to 10 carbon atoms (C-Co 
alkyl) and even more preferably from 1 to 6 carbon atoms 
(C-C alkyl or lower alkyl). 

“Alkanyl.” by itself or as part of another substituent, 
refers to a saturated branched, straight-chain or cyclic alkyl 
radical derived by the removal of one hydrogen atom from 
a single carbon atom of a parent alkane. Typical alkanyl 
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groups include, but are not limited to, methanyl; ethanyl: 
propanyls such as propan-1-yl, propan-2-yl (isopropyl), 
cyclopropan-1-yl, etc.; butanyls such as butan-1-yl, butan 
2-yl (sec-butyl), 2-methyl-propan-1-yl (isobutyl), 2-methyl 
propan-2-yl (t-butyl), cyclobutan-1-yl, etc.; and the like. 

“Alkenyl, by itself or as part of another substituent, 
refers to an unsaturated branched, straight-chain or cyclic 
alkyl radical having at least one carbon-carbon double bond 
derived by the removal of one hydrogen atom from a single 
carbon atom of a parent alkene. The group may be in either 
the cis or trans conformation about the double bond(s). 
Typical alkenyl groups include, but are not limited to, 
ethenyl; propenyls such as prop-1-en-1-yl, prop-1-en-2-yl, 
prop-2-en-1-yl (allyl), prop-2-en-2-yl, cycloprop-1-en-1-yl; 
cycloprop-2-en-1-yl; butenyls such as but-1-en-1-yl, but-1- 
en-2-yl, 2-methyl-prop-1-en-1-yl, but-2-en-1-yl, but-2-en-1- 
y1, but-2-en-2-yl, buta-1,3-dien-1-yl buta-1,3-dien-2-yl, 
cyclobut-1-en-1-yl, cyclobut-1-en-3-yl, cyclobuta-1,3-dien 
1-yl, etc.; and the like. 

“Alkynyl.” by itself or as part of another substituent refers 
to an unsaturated branched, straight-chain or cyclic alkyl 
radical having at least one carbon-carbon triple bond derived 
by the removal of one hydrogen atom from a single carbon 
atom of a parent alkyne. Typical alkynyl groups include, but 
are not limited to, ethynyl; propynyls such as prop-1-yn-1- 
yl, prop-2-yn-1-yl, etc.; butynyls such as but-1-yn-1-yl, 
but-1-yn-3-yl, but-3-yn-1-yl, etc.; and the like. 

“Alkoxy.” by itself or as part of another substituent, refers 
to a radical of the formula—OR", where R' is an alkyl or 
cycloalkyl group as defined herein. Representative examples 
alkoxy groups include, but are not limited to, methoxy, 
ethoxy, propoxy, isopropoxy, butoxy, tert-butoxy, cyclopro 
pyloxy, cyclopentyloxy, cyclohexyloxy and the like. 

“Alkoxycarbonyl, by itself or as part of another substitu 
ent, refers to a radical of the formula —C(O)-alkoxy, where 
alkoxy is as defined herein. 

“Alkylthio.” by itself or as part of another substituent, 
refers to a radical of the formula - SR", where R is an 
alkyl or cycloalkyl group as defined herein. Representative 
examples include, but are not limited to, methylthio, eth 
ylthio, propylthio, isopropylthio, butylthio tert-butylthio. 
cyclopropylthio, cyclopentylthio, cyclohexylthio, and the 
like. 

"Aryl.” by itself or as part of another substituent, refers to 
a monovalent aromatic hydrocarbon group derived by the 
removal of one hydrogen atom from a single carbon atom of 
a parent aromatic ring system, as defined herein. Typical aryl 
groups include, but are not limited to, groups derived from 
aceanthrylene, acenaphthylene, acephenanthrylene, 
anthracene, aZulene, benzene, chrysene, coronene, fluoran 
thene, fluorene, hexacene, hexaphene, hexalene, as-in 
dacene, S-indacene, indane, indene, naphthalene, octacene, 
octaphene, octalene, ovalene, penta-2,4-diene, pentacene, 
pentalene, pentaphene, perylene, phenalene, phenanthrene, 
picene, pleiadene, pyrene, pyranthrene, rubicene, triph 
enylene, trinaphthalene and the like. Preferably, an aryl 
group comprises from 6 to 20 carbon atoms (Co-Co aryl), 
more preferably from 6 to 15 carbon atoms (CCs aryl) 
and even more preferably from 6 to 10 carbon atoms 
(C-Clo aryl). 

"Arylalkyl.” by itself or as part of another substituent, 
refers to an acyclic alkyl group in which one of the hydrogen 
atoms bonded to a carbon atom, typically a terminal or sp 
carbon atom, is replaced with an aryl group as, as defined 
herein. Typical arylalkyl groups include, but are not limited 
to, benzyl, 2-phenylethan-1-yl, 2-phenylethen-1-yl, naphth 
ylmethyl 2-naphthylethan-1-yl, 2-naphthylethen-1-yl, 
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10 
naphthobenzyl 2-naphthophenylethan-1-yl and the like. 
Where specific alkyl moieties are intended, the nomencla 
ture arylalkanyl, arylalkenyl and/or arylalkynyl is used. 
Preferably, an arylalkyl group is (C-C) arylalkyl, e.g., the 
alkanyl, alkenyl or alkynyl moiety of the arylalkyl group is 
(C-C) alkyl and the aryl moiety is (C-C) aryl, more 
preferably, an arylalkyl group is (C-C) arylalkyl, e.g., the 
alkanyl, alkenyl or alkynyl moiety of the arylalkyl group is 
(C-C) alkyl and the aryl moiety is (C-C) aryl, and even 
more preferably, an arylalkyl group is (CCs) arylalkyl, 
e.g., the alkanyl, alkenyl or alkynyl moiety of the arylalkyl 
group is (C-C) alkyl and the aryl moiety is (C-C) aryl. 

"Aryloxy.” by itself or as part of another substituent, 
refers to a radical of the formula —O-aryl, where aryl is as 
defined herein. 

"Arylalkyloxy, by itself or as part of another substituent, 
refers to a radical of the formula —O-arylalkyl, where 
arylalkyl is as defined herein. 

"Aryloxycarbonyl.” by itself or as part of another sub 
stituent, refers to a radical of the formula —C(O)—O-aryl, 
where aryl is as defined herein. 

“Carbamoyl.” by itself or as part of another substituent, 
refers to a radical of the formula –C(O)NR'R'', where 
R and Rare each, independently of one another, selected 
from the group consisting of hydrogen, alkyl and cycloalkyl 
as defined herein, or alternatively, R° and R, taken 
together with the nitrogen atom to which they are bonded, 
form a cycloheteroalkyl ring as defined herein. 
“Compounds of the invention” refers to compounds 

encompassed by the various descriptions and generic for 
mulae disclosed herein. The compounds of the invention 
may be identified by either their chemical structure and/or 
chemical name. When the chemical structure and chemical 
name conflict, the chemical structure is determinative of the 
identity of the compound. The compounds of the invention 
may contain one or more chiral centers and/or double bonds 
and therefore, may exist as stereoisomers, such as double 
bond isomers (i.e., geometric isomers), rotamers, enanti 
omers or diastereomers. Accordingly, when stereochemistry 
at chiral centers is not specified, the chemical structures 
depicted herein encompass all possible configurations at 
those chiral centers including the stereoisomerically pure 
form (e.g., geometrically pure, enantiomerically pure or 
diastereomerically pure) and enantiomeric and stereoiso 
meric mixtures. Enantiomeric and stereoisomeric mixtures 
can be resolved into their component enantiomers or stere 
oisomers using separation techniques or chiral synthesis 
techniques well known to the skilled artisan. The com 
pounds of the invention may also exist in several tautomeric 
forms including the enol form, the keto form and mixtures 
thereof. Accordingly, the chemical structures depicted 
herein encompass all possible tautomeric forms of the 
illustrated compounds. The compounds of the invention may 
also include isotopically labeled compounds where one or 
more atoms have an atomic mass different from the atomic 
mass conventionally found in nature. Examples of isotopes 
that may be incorporated into the compounds of the inven 
tion include, but are not limited to, H, H, C, C, N, 
*O, 7O, P, P, S, F and C1. Compounds of the 
invention may exist in unsolvated forms as well as Solvated 
forms, including hydrated forms and as N-oxides. In gen 
eral, the hydrated, solvated and N-oxide forms are within the 
Scope of the present invention. Certain compounds of the 
present invention may exist in multiple crystalline or amor 
phous forms. In general, all physical forms are equivalent 
for the uses contemplated by the present invention and are 
intended to be within the scope of the present invention. 
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“Cycloalkyl, by itself or as part of another substituent, 
refers to a saturated or unsaturated cyclic alkyl radical, as 
defined herein. Where a specific level of saturation is 
intended, the nomenclature “cycloalkanyl or “cycloalk 
enyl is used. Typical cycloalkyl groups include, but are not 
limited to, groups derived from cyclopropane, cyclobutane, 
cyclopentane, cyclohexane, and the like. Preferably, the 
cycloalkyl group comprises from 3 to 10 ring atoms (C-Co 
cycloalkyl) and more preferably from 3 to 7 ring atoms 
(C-C, cycloalkyl). 

“Cycloheteroalkyl by itself or as part of another sub 
stituent, refers to a saturated or unsaturated cyclic alkyl 
radical in which one or more carbon atoms (and optionally 
any associated hydrogen atoms) are independently replaced 
with the same or different heteroatom. Typical heteroatoms 
to replace the carbon atom(s) include, but are not limited to, 
N. P. O. S. Si, etc. Where a specific level of saturation is 
intended, the nomenclature “cycloheteroalkanyl or “cyclo 
heteroalkenyl is used. Typical cycloheteroalkyl groups 
include, but are not limited to, groups derived from 
epoxides, azirines, thiranes, imidazolidine, morpholine, 
piperazine, piperidine, pyrazolidine, pyrrolidone, quinucli 
dine, and the like. Preferably, the cycloheteroalkyl group 
comprises from 3 to 10 ring atoms (3–10 membered cyclo 
heteroalkyl) and more preferably from 3 to 7 ring atoms (3–7 
membered cycloheteroalkyl). 

“Dialkylamino.” by itself or as part of another substituent, 
refers to a radical of the formula-NR'R'', where Rand 
R are each, independently of one another, selected from 
the group consisting of alkyl and cycloalkyl, as defined 
herein. Representative examples of dialkylamino groups 
include, but are not limited to, dimethylamino, methylethy 
lamino, di-(1-methylethyl)amino, (cyclohexyl)(methyl) 
amino, (cyclohexyl)(ethyl)amino, (cyclohexyl)(propyl) 
amino and the like. 

"Halogen' or “Halo,” by themselves or as part of another 
substituent refer to a fluoro, chloro, bromo and/or iodo 
radical. 

"Haloalkyl.” by itself or as part of another substituent, 
refers to an alkyl group as defined herein in which one or 
more of the hydrogen atoms is replaced with a halo group. 
The term “haloalkyl is specifically meant to include mono 
haloalkyls, dihaloalkyls, trihaloalkyls, etc. up to perha 
loalkyls. The halo groups substituting a haloalkyl group can 
be the same, or they can be different. For example, the 
expression "(C-C) haloalkyl includes 1-fluoromethyl, 
1,1-fluoro-2-chloriethyl difluoromethyl, trifluoromethyl, 
1-fluoroethyl, 1,1-difluoroethyl, 1,2-difluoroethyl, 1,1,1-tri 
fluoroethyl, perfluoroethyl, etc. 

“Heteroaryl.” by itself or as part of another substituent, 
refers to a monovalent heteroaromatic radical derived by the 
removal of one hydrogen atom from a single atom of a 
parent heteroaromatic ring systems, as defined herein. Typi 
cal heteroaryl groups include, but are not limited to, groups 
derived from acridine, arsindole, carbazole, B-carboline, 
chromane, chromene, cinnoline, furan, imidazole, indazole, 
indole, indoline, indolizine, isobenzofuran, isochromene, 
isoindole, isoindoline, isoquinoline, isothiazole, isoxazole, 
naphthyridine, oxadiazole, oxazole, perimidine, phenanthri 
dine, phenanthroline, phenazine, phthalazine, pteridine, 
purine, pyran, pyrazine, pyrazole, pyridazine, pyridine, pyri 
midine, pyrrole, pyrrolizine, quinazoline, quinoline, quino 
lizine, quinoxaline, tetrazole, thiadiazole, thiazole, 
thiophene, triazole, xanthene, and the like. Preferably, the 
heteroaryl group comprises from 5 to 20 ring atoms (5–20 
membered heteroaryl), more preferably from 5 to 10 ring 
atoms (5–10 membered heteroaryl). Preferred heteroaryl 
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12 
groups are those derived from thiophene, pyrrole, ben 
Zothiophene, benzofuran, indole, pyridine, quinoline, imi 
dazole, oxazole and pyrazine. 

“Heterocycle” refers to those compounds encompassed 
by the invention defined by the “B-ring as depicted herein. 
Such compounds can be aromatic or nonaromatic (hydro 
isomers). The B-ring has the general formula: 

that includes from one to four heteroatoms, wherein X, Y, 
Zare each, independently of one another, C, CH, N, NR', 
NR', S or O; and U and T are each, independently of one 
another, C, CH or N. R'' and R' are each, independently of 
one another, selected from the group consisting of hydrogen, 
lower alkyl, substituted lower alkyl, lower heteroalkyl, 
substituted lower heteroalkyl, cycloalkyl, substituted 
cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, 
lower haloalkyl, monohalomethyl, dihalomethyl, trihalom 
ethyl, trifluoromethyl, lower alkylthio, substituted lower 
alkylthio, lower alkoxy, substituted lower alkoxy, methoxy, 
substituted methoxy, lower heteroalkoxy, substituted lower 
heteroalkoxy, cycloalkoxy, Substituted cycloalkoxy, cyclo 
heteroalkoxy, substituted cycloheteroalkoxy, lower 
haloalkoxy, monohalomethoxy, dihalomethoxy, trihalom 
ethoxy, trifluoromethoxy, lower di- or monoalkylamino, 
substituted lower di- or monoalkylamino, aryl, substituted 
aryl, aryloxy, Substituted aryloxy, phenoxy, Substituted phe 
noxy, arylalkyl, Substituted arylalkyl, arylalkyloxy, Substi 
tuted arylalkyloxy, benzyl, benzyloxy, heteroaryl, substi 
tuted heteroaryl, heteroaryloxy, substituted heteroaryloxy, 
heteroarylalkyl, substituted heteroarylalkyl, heteroarylalky 
loxy, substituted heteroarylalkyloxy, carboxyl, lower 
alkoxycarbonyl, Substituted lower alkoxycarbonyl, aryloxy 
carbonyl, Substituted aryloxycarbonyl, arylalkyloxycarbo 
nyl, Substituted arylalkyloxycarbonyl, carbamate, Substi 
tuted carbamate, carbamoyl, Substituted carbamoyl, 
Sulfamoyl, Substituted Sulfamoyl and a group of the formula 
-L-R'7, where “L” is a linker and R7 is cycloalkyl, substi 
tuted cycloalkyl, cycloheteroalkyl or substituted cyclohet 
eroalkyl. The linker may be any group of atoms suitable for 
attaching the R7 moiety to the nitrogen atom. Suitable 
linkers include, but are not limited to, moieties selected from 
the group consisting of —(CH) , S. —C(O)—, 
SO —NH , —C(O)—SONH and combinations 

thereof. 

Suitable heterocycles include, for example, isoxazoles, 
pyrazoles, oxadiazoles, oxazoles, thiazoles, imidazoles, tria 
Zoles, thiadiazoles and hydro isomers thereof. Suitable 
hydro isomers of the afore-mentioned heterocyclic com 
pounds include, for example, dihydro isomers as well as 
tetrahydro isomers. Such hydro isomers include, for 
example, 2-isoxazoline, 3-isoxazoline, 4-isoxazolines, isox 
aZolidines, 1.2-pyrazolines, 1.2-pyrazolidines, (3H)-dihy 
dro-1,2,4-oxadiazoles, (5H)-dihydro-1,2,4-oxadiazoles, 
oxazolines, oxazolidines, (3H)-dihydrothiazoles, (5H)-dihy 
drothiazoles, thiazolidines (tetrahydrothiazoles), (3H)-dihy 
drotriazoles, (5H)-dihydrotriazoles, triazolidines(tetrahy 
drotriazoles), dihydro-oxadiazoles, tetrahydro-oxadiazoles, 
(3H)-dihydro-1,2,4-thiadiazoles, (5H)-dihydro-1,2,4-thia 
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diazoles, 1,2,4-thiadiazolidines (tetrahydrothiadiazoles), 
(3H)-dihydroimidazoles, (5H)-dihydroimidazoles and tet 
rahydroimidazoles. 

“Parent Aromatic Ring System refers to an unsaturated 
cyclic or polycyclic ring system having a conjugated at 
electron system. Specifically included within the definition 
of "parent aromatic ring system” are fused ring systems in 
which one or more of the rings are aromatic and one or more 
of the rings are saturated or unsaturated, such as, for 
example, fluorene, indane, indene, phenalene, etc. Typical 
parent aromatic ring systems include, but are not limited to, 
aceanthrylene, acenaphthylene, acephenanthrylene, 
anthracene, aZulene, benzene, chrysene, coronene, fluoran 
thene, fluorene, hexacene, hexaphene, hexalene, as-in 
dacene, S-indacene, indane, indene, naphthalene, octacene, 
octaphene, octalene, ovalene, penta-2,4-diene, pentacene, 
pentalene, pentaphene, perylene, phenalene, phenanthrene, 
picene, pleiadene, pyrene, pyranthrene, rubicene, triph 
enylene, trinaphthalene and the like. 

“Parent Heteroaromatic Ring System” refers to a parent 
aromatic ring system in which one or more carbon atoms 
(and optionally any associated hydrogen atoms) are each 
independently replaced with the same or different heteroa 
tom. Typical heteroatoms to replace the carbon atoms 
include, but are not limited to, N. P. O, S, Si, etc. Specifically 
included within the definition of “parent heteroaromatic ring 
system” are fused ring systems in which one or more of the 
rings are aromatic and one or more of the rings are saturated 
or unsaturated, such as, for example, arsindole, benzo 
dioxan, benzofuran, chromane, chromene, indole, indoline, 
Xanthene, etc. Typical parent heteroaromatic ring systems 
include, but are not limited to, arsindole, carbazole, B-car 
boline, chromane, chromene, cinnoline, furan, imidazole, 
indazole, indole, indoline, indolizine, isobenzofuran, isoch 
romene, isoindole, isolindoline, isoquinoline, isothiazole, 
isoxazole, naphthyridine, oxadiazole, oxazole, perimidine, 
phenanthridine, phenanthroline, phenazine, phthalazine, 
pteridine, purine, pyran, pyrazine, pyrazole, pyridazine, 
pyridine, pyrimidine, pyrrole, pyrrolizine, quinazoline, 
quinoline, quinolizine, quinoxaline, tetrazole, thiadiazole, 
thiazole, thiophene, triazole, Xanthene and the like. 

“Pharmaceutically acceptable salt” refers to a salt of a 
compound of the invention which is made with counterions 
understood in the art to be generally acceptable for phar 
maceutical uses and which possesses the desired pharma 
cological activity of the parent compound. Such salts 
include: (1) acid addition salts, formed with inorganic acids 
Such as hydrochloric acid, hydrobromic acid, Sulfuric acid, 
nitric acid, phosphoric acid, and the like; or formed with 
organic acids such as acetic acid, propionic acid, hexanoic 
acid, cyclopentanepropionic acid, glycolic acid, pyruvic 
acid, lactic acid, malonic acid. Succinic acid, malic acid, 
maleic acid, fumaric acid, tartaric acid, citric acid, benzoic 
acid, 3-(4-hydroxybenzoyl) benzoic acid, cinnamic acid, 
mandelic acid, methanesulfonic acid, ethanesulfonic acid, 
1.2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid, 
benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 
2-naphthalenesulfonic acid, 4-toluenesulfonic acid, cam 
phorsulfonic acid, 4-methylbicyclo2.2.2-oct-2-ene-1-car 
boxylic acid, glucoheptonic acid, 3-phenylpropionic acid, 
trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric 
acid, gluconic acid, glutamic acid, hydroxynaphthoic acid, 
salicylic acid, Stearic acid, muconic acid and the like; or (2) 
salts formed when an acidic proton present in the parent 
compound is replaced by a metal ion, e.g., an alkali metal 
ion, an alkaline earth ion, or an aluminum ion; or coordinates 
with an organic base Such as ethanolamine, diethanolamine, 
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triethanolamine, N-methylglucamine, morpholine, piperi 
dine, dimethylamine, diethylamine and the like. Also 
included are salts of amino acids Such as arginates and the 
like, and salts of organic acids like glucurmic or galactunoric 
acids and the like (see, e.g., Berge et al., 1977, J. Pharm. Sci. 
66:1-19). 

"Pharmaceutically acceptable vehicle' refers to a diluent, 
adjuvant, excipient or carrier with which a compound of the 
invention is administered. 

“Protecting group' refers to a group of atoms that, when 
attached to a reactive functional group in a molecule, mask, 
reduce or prevent the reactivity of the functional group. 
Typically, a protecting group may be selectively removed as 
desired during the course of a synthesis. Examples of 
protecting groups can be found in Greene and Wuts, Pro 
tective Groups in Organic Chemistry, 3" Ed., 1999, John 
Wiley & Sons, NY and Harrison et al., Compendium of 
Synthetic Organic Methods, Vols. 1–8, 1971–1996, John 
Wiley & Sons, NY. Representative amino protecting groups 
include, but are not limited to, formyl, acetyl, trifluoroacetyl, 
benzyl, benzyloxycarbonyl (“CBZ), tert-butoxycarbonyl 
(“Boc'), trimethylsilyl (“TMS), 2-trimethylsilyl-ethane 
sulfonyl (“SES), trity1 and substituted trityl groups, ally 
loxycarbonyl, 9-fluorenylmethyloxycarbonyl (“FMOC). 
nitro-veratryloxycarbonyl (“NVOC) and the like. Repre 
sentative hydroxylprotecting groups include, but are not 
limited to, those where the hydroxyl group is either acylated 
(e.g., methyl and ethyl esters, acetate or propionate groups 
or glycol esters) or alkylated Such as benzyl and trityl ethers, 
as well as alkyl ethers, tetrahydropyranyl ethers, trialkylsilyl 
ethers (e.g., TMS or TIPPS groups) and allyl ethers. 

“Prodrug” refers to a derivative of an active compound 
(drug) that undergoes a transformation under the conditions 
of use, such as within the body, to release an active drug. 
Prodrugs are frequently, but not necessarily, pharmacologi 
cally inactive until converted into the active drug. Prodrugs 
are typically obtained by masking a functional group in the 
drug believed to be in part required for activity with a 
progroup (defined below) to form a promoiety which under 
goes a transformation, Such as cleavage, under the specified 
conditions of use to release the functional group, and hence 
the active drug. The cleavage of the promoiety may proceed 
spontaneously, such as by way of a hydrolysis reaction, or it 
may be catalyzed or induced by another agent, such as by an 
enzyme, by light, by acid, or by a change of or exposure to 
a physical or environmental parameter, Such as a change of 
temperature. The agent may be endogenous to the conditions 
of use. Such as an enzyme present in the cells to which the 
prodrug is administered or the acidic conditions of the 
stomach, or it may be supplied exogenously. In a specific 
embodiment, the term prodrug includes hydro isomers of the 
compounds of the invention. Such hydro isomers encom 
passed by the invention can be oxidized under physiological 
conditions to the corresponding aromatic ring system. 
A wide variety of progroups, as well as the resultant 

promoieties, Suitable for masking functional groups in active 
compounds to yield prodrugs are well-known in the art. For 
example, a hydroxyl functional group may be masked as a 
Sulfonate, ester or carbonate promoiety, which may be 
hydrolyzed in vitro to provide the hydroxyl group. An amino 
functional group may be masked as an amide, imine, phos 
phinyl, phosphonyl, phosphoryl or Sulfenyl promoiety, 
which may be hydrolyzed in vivo to provide the amino 
group. A carboxyl group may be masked as an ester (includ 
ing silyl esters and thioesters), amide or hydrazide promoi 
ety, which may be hydrolyzed in vivo to provide the 
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carboxyl group. Other specific examples of Suitable pro 
groups and their respective promoieties will be apparent to 
those of skill in the art. 

“Progroup' refers to a type of protecting group that, when 
used to mask a functional group within an active drug to 
form a promoiety, converts the drug into a prodrug. Pro 
groups are typically attached to the functional group of the 
drug via bonds that are cleavable under specified conditions 
of use. Thus, a progroup is that portion of a promoiety that 
cleaves to release the functional group under the specified 
conditions of use. As a specific example, an amide promoi 
ety of the formula - NH C(O)CH comprises the pro 
group —C(O)CH. 

“Silyl ether refers to a type of protecting group that, 
when used to mask a hydroxyl group within an active drug 
to form a promoiety, converts the drug into a prodrug. Silyl 
ethers are known in the art and refer to a removable group 
which will prevent a hydroxy group from participating in a 
reaction performed on the molecule. Such groups are dis 
cussed by T. W. Greene in chapters 2 and 7 of Protective 
Groups in Organic Synthesis, John Wiley and Sons, New 
York, 1981, and by J. W. Barton in chapter 2 of Protective 
Groups in Organic Chemistry, J. F. W. McOmie, ed., Plenum 
Press, New York, 1973, which are incorporated herein by 
reference in their entirety. Silyl ethers include, for example, 
trimethylsilyl, triethylsilyl, t-butyl dimethyl silyl and 
methyl-diisopropylsilyl groups. 

“Substituted,” when used to modify a specified group or 
radical, means that one or more hydrogen atoms of the 
specified group or radical are each, independently of one 
another, replaced with the same or different substituent(s). 
Typical substituents include, but are not limited to, -M, 
R", O, =O, OR', SR, S, =S, 
NR'R'', CM, CF, CN, OCN, SCN, 
NO, NO =N - N - S(O).O. —S(O),OH, 
S(O)', OS(O)O, OS(O) R', -P(O)(O), 
P(O)(OR)(O ), OP(O)(OR)(OR), C(O)R, 
C(S)R, C(O)OR, C(O)NR'R'', C(O)O, 
C(S)OR", NRC(O)NR'R'', NRC(S)NR'R'', 
NRC(NR)NR'R'' and C(NR'2)NR'R' where 

each M is independently a halogen; R', R', R, R and 
R" are each, independently of one another, selected from 
the group consisting of hydrogen, alkyl, Substituted alkyl, 
alkoxy, Substituted alkoxy, cycloalkyl, Substituted 
cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, 
NR'R'', —C(O)R and -S(O).R., or alternatively, 

R and R'' and/or R and R', taken together with the 
respective nitrogen atoms to which they are bonded, form a 
cycloheteroalkyl or Substituted cycloheteroalkyl ring as 
defined herein. 

"Sulfamoyl.” by itself or as part of another substituent, 
refers to a radical of the formula - S(O)NR'R'7, where 
R and R7 are each, independently of one another, hydro 
gen, alkyl or cycloalkyl as defined herein, or alternatively, 
R and R7, taken together with the nitrogen atom to which 
they are bonded, form a cycloheteroalkyl or substituted 
cycloheteroalkyl ring as defined herein. 

7. The Compounds 
In one embodiment, the compounds of the invention are 

pyridyl-substituted heterocycles and B-ring hydro isomers 
according to structural formula (I): 
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R7 (I) 

J-K x-\ / \ 
B U K 

p1's iS/ MF / rsr 
DS 2G 

or pharmaceutically acceptable salts, hydrates, Solvates or 
N-oxides thereof, wherein: 

the Bring is an aromatic or nonaromatic ring that includes 
from one to four heteroatoms, wherein 

X, Y, Z are each, independently of one another selected 
from C, CH, N, NR', NR', S or O, provided that X 
and Y are not both O. 

U and T are each, independently of one another, selected 
from C, CH or N: 

Z is N or -CH ; 
A is N or –CR : 
B is N or CR ; 
D is N or CR ; 
E is N or –CR ; 
G is N or - CR -: 
J is N or CR ; 
K is N or –CR : 
L is N or –CR : 
M is N or CR' ; 
RandR are each, independently of one another, selected 

from the group consisting of hydrogen, halo, fluoro, 
chloro, alkyl, methyl, substituted alkyl, alkylthio. Sub 
stituted alkylthio, alkoxy, methoxy, i-propoxy, Substi 
tuted alkoxy, alkoxycarbonyl, Substituted alkoxycarbo 
nyl, arylalkyloxycarbonyl, Substituted 
arylalkyloxycarbonyl, aryloxycarbonyl, Substituted 
aryloxycarbonyl, cycloheteroalkyl, Substituted cyclo 
heteroalkyl, carbamoyl, Substituted carbamoyl, 
haloalkyl, triflouromethyl, sulfamoyl, substituted sul 
famoyl and silyl ether, provided that one of R and R' 
is other than hydrogen; 

RandR are each, independently of one another, selected 
from the group consisting of hydrogen, halo, chloro, 
alkyl, substituted alkyl, alkylthio, substituted alkylthio. 
alkoxy, Substituted alkoxy, alkoxycarbonyl, Substituted 
alkoxycarbonyl, arylalkyloxycarbonyl, Substituted ary 
lalkyloxycarbonyl, aryloxycarbonyl, Substituted ary 
loxycarbonyl, cycloheteroalkyl, substituted cyclohet 
eroalkyl, carbamoyl, Substituted carbamoyl, haloalkyl, 
sulfamoyl and substituted sulfamoyl: 

R" is selected from the group consisting of hydrogen, 
halo, alkyl, substituted alkyl, alkylthio, substituted 
alkylthio, carbamoyl, Substituted carbamoyl, alkoxy, 
Substituted alkoxy, alkoxycarbonyl, Substituted alkoxy 
carbonyl, arylalkyloxycarbonyl, Substituted arylalky 
loxycarbonyl, aryloxycarbonyl, Substituted aryloxycar 
bonyl, dialkylamino, Substituted dialkylamino, 
haloalkyl, sulfamoyl and substituted sulfamoyl: 

R7 is NRC(O)R2; 
R. R. R'' and R'' are each, independently of one 

another, selected from the group consisting of hydro 
gen, halo and fluoro; 
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R'' is hydrogen, alkyl or methyl; and 
R’ is substituted alkyl, haloalkyl, halomethyl, dihalom 

ethyl, dichloromethyl, cycloheteroalkyl or substituted 
cycloheteroalkyl; 

R" and R' are each, independently of one another, 
Selected from the group consisting of hydrogen, lower 
alkyl, substituted lower alkyl, lower heteroalkyl, sub 
stituted lower heteroalkyl, cycloalkyl, substituted 
cycloalkyl, cycloheteroalkyl, substituted cyclohet 
eroalkyl, lower haloalkyl, monohalomethyl, dihalom 
ethyl, trihalomethyl, trifluoromethyl, lower alkylthio. 
substituted lower alkylthio, lower alkoxy, substituted 
lower alkoxy, methoxy, substituted methoxy, lower 
heteroalkoxy, substituted lower heteroalkoxy, 
cycloalkoxy, Substituted cycloalkoxy, cyclohet 
eroalkoxy, substituted cycloheteroalkoxy, lower 
haloalkoxy, monohalomethoxy, dihalomethoxy, triha 
lomethoxy, trifluoromethoxy, lower di- or monoalky 
lamino, Substituted lower di- or monoalkylamino, aryl, 
Substituted aryl, aryloxy, Substituted aryloxy, phenoxy, 
substituted phenoxy, arylalkyl, substituted arylalkyl, 
arylalkyloxy, Substituted arylalkyloxy, benzyl, benzy 
loxy, heteroaryl, substituted heteroaryl, heteroaryloxy, 
substituted heteroaryloxy, heteroarylalkyl, substituted 
heteroarylalkyl, heteroarylalkyloxy, substituted het 
eroarylalkyloxy, carboxyl, lower alkoxycarbonyl, Sub 
stituted lower alkoxycarbonyl, aryloxycarbonyl, Sub 
stituted aryloxycarbonyl, arylalkyloxycarbonyl, 
Substituted arylalkyloxycarbonyl, carbamate, Substi 
tuted carbamate, carbamoyl, Substituted carbamoyl, 
Sulfamoyl, Substituted Sulfamoyl and a group of the 
formula -L-R, where “L” is a linker and R'' is 
cycloalkyl, substituted cycloalkyl, cycloheteroalkyl or 
substituted cycloheteroalkyl. 

with the provisos that: 
(i) at least one of A, B, D, E, G, J, K, L or M is N: 
(ii) no more than one of A, B, D, E or G is N; and 
(iii) no more than one of J, K, L or M is N. 
In another embodiment, the compounds of the invention 

are pyridyl-Substituted thiazoles and B-ring hydro isomers 
according to structural formula (II): 

(II) 
R7 

(. 
MF / 

or pharmaceutically acceptable salts, hydrates, Solvates or 
N-oxides thereof, wherein A, B, D, E, G, J, K, L, M and R' 
are as previously defined for structural formula (I) and 
Subject to the same provisos and represents either an 
aromatic or nonaromatic (hydro isomer) heterocyclic ring. 

In one embodiment of the compounds of structural for 
mula (I), Z is —CH- Such that the compounds are isox 
azoles or pyrazoles. In another embodiment of the com 
pounds of structural formula (I), Z is N such that the 
compounds are oxadiazoles or azoles. In another embodi 
ment, the compounds of structural formula (I) are isox 
azoles. In a specific embodiment of isoxazoles, X is N and 
Y is O. In still another embodiment, the compounds of 
structural formula (I) are oxadiazoles. 
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In one embodiment of the compounds of structural for 

mulae (I) and (II), A, B, D, E or G is N and one of J, K, L, 
or M is N. In another embodiment, one of A, B, D, E or G 
is N and none of J, K, L or M is N. In still another 
embodiment, none of A, B, D, E or G is N and one of J, K, 
L or M is N. Preferably, in any of the previously-described 
embodiments of compounds formula (I) and/or (II), R is 
NRC(O)R’, wherein R' is hydrogen or methyl and 

R is —CHC1. 
In another embodiment of the compounds of structural 

formulae (I) and (II), A is CR , G is CR , and R' 
is NR'C(O)R', where R' is hydrogen or methyl and 
R is —CHC1. In a more specific embodiment, B is 
- CR , D is N, E is –CR , J is CR' , K is 
CR , L is CR M is CR' , and R. R. R. 

R and R'' are each hydrogen. In another more specific 
embodiment, B is CR , D is CR , E is CR . 
J is –CR'' , K is CR , L is –CR , M is N and R, 
R. R. R. R and R'' are each hydrogen. In still another 
more specific embodiment, B is CR , D is CR , E 
is CR , J is CR' , K is –CR , L is N, M is 
CR'' and R. R. R. R. R'' and R'' are each hydro 

gen. Preferably, in the above embodiment, R and R are 
each, independently of one another, selected from the group 
consisting of chloro, fluoro, methyl, triflouromethyl, thiom 
ethyl, methoxy, i-propoxy, N-morpholino and N-morpholi 
nosulfamoyl. More preferably, R and Rare each, indepen 
dently of one another, selected from the group consisting of 
chloro, fluoro, methyl, triflouromethyl, methoxy and i-pro 
poxy. In another embodiment, R and Rare each the same 
or different halo. Preferably, in the above embodiments, X is 
N, Y is O and Z is CH-. 

In still another embodiment of the compounds of struc 
tural formulae (I) and (II), A is CR , G is CR - and 
R7 is NR''C(O)R'', where R'' is hydrogen or methyl and 
R' is —CHI. Preferably, R and R are each, indepen 
dently of one another, selected from the group consisting of 
chloro, fluoro, methyl, triflouromethyl, thiomethyl, meth 
oxy, i-propoxy, N-morpholino and N-morpholinosulfamoyl. 
More preferably, R and Rare each, independently of one 
another, selected from the group consisting of chloro, fluoro, 
methyl, triflouromethyl, methoxy and i-propoxy. In another 
embodiment, Rand Rare each the same or different halo. 
Preferably, in the above embodiments, X is N. Y is O and Z 
is —CH-. 

In still another embodiment of the compounds of struc 
tural formulae (I) and (II), A is CR , B is CR , R7 
is NRC(O)R', where R'' is hydrogen or methyl and 
R is —CHC1. In a more specific embodiment, D is 
CR , G is –CR , E is CR , J is –CR'' , K 

is CR , L is CR M is N and R. R. R. R. R. 
and R'' are each hydrogen. In another more specific embodi 
ment, D is —CR , G is CR , E is CR , J is 
—CR' , K is –CR , L is N, M is –CR'' and R', 
R. R. R. R'' and R'' are each hydrogen. Preferably, R 
and Rare each, independently of one another, selected from 
the group consisting of chloro, fluoro, methyl, triflourom 
ethyl, thiomethyl, methoxy, i-propoxy, N-morpholino and 
N-morpholinosulfamoyl. More preferably, R and R are 
each, independently of one another, selected from the group 
consisting of one another chloro, fluoro, methyl, triflourom 
ethyl, methoxy and i-propoxy. In another embodiment, R 
and Rare each the same or different halo. Preferably, in the 
above embodiments, X is N. Y is O and Z is —CH-. 

In still another embodiment of the compounds of struc 
tural formulae (I) and (II), A is CR , G is —CR and 
R° and R are each identical, provided that they are not 
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hydrogen. In another embodiment, A is —CR , B is 
—CR and R and R are each identical, provided that 
they are not hydrogen. In still another embodiment, B is 
—CR , E is —CR and R and Rare each identical, 
provided that they are not hydrogen. In still another embodi 
ment, B is CR , D is —CR , E is —CR , J is 
CR K is CR - and R. R. R. R. and R'' are 

each hydrogen. In still another embodiment, -D is CR . 
E is –CR , G is CR, J is –CR'' , K is CR - and 
R. R. R. R. and R'' are each hydrogen. 

In further embodiments, the compounds of structural 
formula (I) and B ring hydro isomers thereof include a C 
ring that is a pyrid-3-yl. 

In still further embodiments, the compounds of structural 
formula (I) and B ring hydro isomers thereof include a C 
ring that is a pyrid-4-yl. 

In still other embodiments, the compounds of structural 
formula (I) are isoxazole compounds according to structural 
formulae (Ia), (Ib), (Ic), (Id) or (Ie): 

(Ia) 

(Ib) 

(Ic) 

(Id) 
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-continued 
(Ie) 

or pharmaceutically acceptable salts, hydrates or Solvates 
thereof, wherein X, Y. R. R. R'' and R'' are as previously 
defined for structural formula (I) and represents either an 
unsaturated bond (an aromatic heterocycle) or a saturated 
bond (a non aromatic heterocycle, e.g., a hydro isomer) of 
the Bring. 

In one embodiment, the compounds of structural formulae 
(Ia), (Ib), (Ic), (Id) and (Ie) have, independently of one 
another, one or more features selected from the group 
consisting of: 
X is O and Y is N: 
X is N and Y is O: 
R'' is hydrogen; 
R" is dichloromethyl: 
R° and Rare each, independently of one another, selected 

from the group consisting of methyl, halo, fluoro, 
chloro, trifluoromethyl and methoxy; and 

RandR are each, independently of one another, selected 
from the group consisting of halo, fluoro and chloro. 

In another aspect of the invention, X is N. Y is O, Z is CH, 
Tand U are C (isoxazole ring), A is CR , G is CR . 

In still another aspect of the invention, X is N. Y is O. Z 
is CH, T and U are C (isoxazole ring), A is CR , G is 
—CR , wherein R is piperazine or a substituted pipera 
zine. Suitable substituted piperazine include, for example, 

In still yet another aspect of the invention, X is N. Y is O, 
Z is CH, T and U are C (isoxazole ring), A is CR , G 
is —C O—R , such that R is forms an ester, ether or 
silyl ether. Suitable R groups that form esters, ethers or silyl 
ethers include, for example, alkyl, methyl, Substituted alkyl, 
alkylthio. Substituted alkylthio, alkoxy, methoxy, i-propoxy, 
Substituted alkoxy, alkoxycarbonyl, Substituted alkoxycar 
bonyl, arylalkyloxycarbonyl, substituted arylalkyloxycarbo 
nyl, aryloxycarbonyl, Substituted aryloxycarbonyl, cyclohet 
eroalkyl, Substituted cycloheteroalkyl, carbamoyl, 
substituted carbamoyl, haloalkyl, trifluoromethyl and silyl 
ethers. 
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Exemplary compounds of the invention are provided in 
FIG. 1 and Table 1. 

Those of skill in the art will appreciate that the com 
pounds of the invention described herein may include func 
tional groups that can be masked with progroups to create 
prodrugs. Such prodrugs are usually, but need not be, 
pharmacologically inactive until converted into their active 
drug form. In the prodrugs of the invention, any available 
functional moiety may be masked with a progroup to yield 
a prodrug. Myriad progroups suitable for masking Such 
functional groups to yield promoieties that are cleavable 
under the desired conditions of use are known in the art. 

7.1 Methods of Synthesis 
The compounds of the invention may be obtained via 

synthetic methods illustrated in FIGS. 27. It should be 
understood that in FIGS. 2-7, A, B, D, E, G, J, K, L, M and 
R" are as previously defined for structural formula (I) and 
Subject to the same provisos. 

Starting materials useful for preparing compounds of the 
invention and intermediates thereof are commercially avail 
able or can be prepared by well-known synthetic methods 
(see, e.g., Harrison et al., “Compendium of Synthetic 
Organic Methods’. Vols. 1-8, John Wiley and Sons, 
1971–1996: “Beilstein Handbook of Organic Chemistry.” 
Beilstein Institute of Organic Chemistry, Frankfurt, Ger 
many; Feiser et al., “Reagents for Organic Synthesis.” 
Volumes 1-17, Wiley Interscience; Trost et al., “Compre 
hensive Organic Synthesis.” Pergamon Press, 1991: “Theil 
heimer's Synthetic Methods of Organic Chemistry. Vol 
umes 1–45, Karger, 1991; March, “Advanced Organic 
Chemistry.” Wiley Interscience, 1991; Larock “Comprehen 
sive Organic Transformations.” VCH Publishers, 1989; 
Paquette, “Encyclopedia of Reagents for Organic Synthe 
sis.' John Wiley & Sons, 1995). Other methods for synthe 
sizing the compounds described herein and/or starting mate 
rials are either described in the art or will be readily apparent 
to the skilled artisan. Alternatives to the reagents and/or 
protecting groups illustrated in FIGS. 2–7 may be found in 
the references provided above and in other compendiums 
well known to the skilled artisan. Guidance for selecting 
Suitable protecting groups can be found, for example, in 
Greene & Wuts, “Protective Groups in Organic Synthesis.” 
Wiley Interscience, 1999. Accordingly, the synthetic meth 
ods and strategy presented herein are illustrative rather than 
comprehensive. 
One method for synthesizing substituted isoxazoles 

according to structural formula (I) (when Z is —CH-) is 
provided in FIG. 2A. Referring to FIG. 2A, aldol conden 
sation of methyl ketone 201 with benzaldehyde 203 under 
basic conditions, followed by in situ dehydration, provides 
C-B unsaturated enone 205, which may be readily converted 
to isoxazole 207 by treatment with hydroxylamine. Reduc 
tion of 207 yields the amino isoxazole 209, which may be 
transformed by a wide variety of methods well known to the 
skilled artisan to final product 211. A specific example of the 
synthetic method of FIG. 2A is illustrated for the preparation 
of isoxazole 9 in FIG. 2B. 

Another method for synthesizing substituted isoxazoles of 
structural formula (I) (when Z is —CH ) is provided in 
FIG. 3A. Claisen condensation of methyl ketone 201 with 
ester 223 under basic conditions provides 1.3 diketone 229, 
which may be converted to a mixture of isoxazoles 207 and 
231 by treatment with hydroxylamine. As before, reduction 
of 207 yields the amino isoxazole 209, which may be 
transformed to the isoxazole 211 by well known synthetic 
methods. It should be noted that isoxazole 231 may be 
converted to the corresponding regioisomer of isoxazole 211 
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by the same synthetic pathway. A specific example of the 
synthetic method of FIG. 3A is illustrated for the preparation 
of isoxazole 9 in FIG. 3B. 

In alternative embodiment of the pathway illustrated in 
FIG. 3A, ester 225 is condensed with methyl ketone 227 to 
provide 1.3 diketone 229, which is then carried through the 
remainder of the synthetic pathway as previously described. 

Still another method for synthesizing substituted isox 
azoles of structural formula (I) (when Z is —CH ) is 
provided in FIG. 4A. Nucleophilic addition of hydroxy 
lamine to benzaldehyde 245 provides an intermediate 
oxime, which may be converted by treatment with N-chlo 
rosuccinimide (NCS) to the C-chlorooxime 247. Dehydro 
halogenation of C-chlorooxime 247 provides a transient 
ylide, which undergoes 1.3 dipolar cycloaddition with acety 
lene 249 to provide desired isoxazole 211. Acetylene 249 
may be readily prepared from commercially available pre 
cursors by well known synthetic methods. 
A specific example of the synthetic method of FIG. 4A is 

illustrated for the preparation of isoxazole 9 in FIG. 4B. FIG. 
4C illustrates the preparation of acetylene 255 of FIG. 4B. 
Analogous methods may be used to prepare other pyridyl 
acetylene compounds. 

Still another method for synthesizing substituted isox 
azoles of structural formula (I) (when Z is —CH ) is 
provided in FIG. 5A. Nucleophilic addition of hydroxy 
lamine to benzaldehyde 245 provides an intermediate 
oxime, which may be directly converted to ylide 257 with 
NaOCl. 1.3 Dipolar cycloaddition of ylide 257 to methyl 
ketone 259 provides desired isoxazole 211. Methyl ketone 
259 may be readily prepared from commercially available 
precursors by well known synthetic methods. A specific 
example of the synthetic method of FIG. 5A is illustrated for 
the preparation of isoxazole 9 in FIG. 5B. 
The methods described in FIGS. 2–5 above may be 

readily adapted for the synthesis of pyrazoles by Substituting 
hydrazine for hydroxylamine in the reaction sequence. Fur 
ther, those of skill in the art will appreciate that isoxazole 
regioisomers of those depicted in the above FIGS. 2–5 may 
be synthesized by merely interchanging the reactive func 
tionalities of the two different aromatic rings. An example of 
this approach is depicted in FIG. 4D for “reverse' isoxazole 
262. As can be seen in FIG. 4D, interchanging the chlo 
rooxime and alkyne functionalities of the two different 
aromatic rings (i.e., rings A and C) provides the regioiso 
meric isoxazole 262 (compare 253 and 255 with 254 and 
256). Further, certain synthetic schemes may provide both 
isoxazole regioisomers (e.g., FIGS. 3A and 3B) directly, 
which may be isolated from one another using standard 
techniques. 
One method for synthesizing substituted oxadiazoles of 

structural formula (I) (when Z is N—) is provided in FIG. 
6A. Referring to FIG. 6A, nucleophilic addition of hydroxy 
lamine to phenyl cyanide 265 yields the C-amino oxime 267, 
which may be condensed with acyl chloride 269 to provide 
oxadiazole 271 after dehydrative cyclization and reduction. 
Amino oxadiazole 271 may be transformed by a wide 
variety of methods well known to the skilled artisan to final 
product 273. A specific example of the synthetic method of 
FIG. 6A is illustrated for the preparation of oxadiazole 283 
in FIG. 6B. 

Another method for synthesizing Substituted oxadiazoles 
of structural formula (I) (when Z is —N—), which are 
regioisomers of those prepared above is provided in FIG. 
7A. Referring to FIG. 7A, C.-amino oxime 287, (prepared by 
condensation of hydroxylamine with a phenyl cyanide), may 
be condensed with acyl chloride 285 to provide oxadiazole 
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289 after dehydrative cyclization and reduction. Amino 
oxadiazole 289 may be transformed by a wide variety of 
methods well known to the skilled artisan to final product 
291. A specific example of the synthetic method of FIG. 7A 
is illustrated for the preparation of oxadiazole 301 in FIG. 
TB. 

It should be note that the methods described in FIGS. 6 
and 7 above may be readily adapted for the synthesis of 
triazoles by substituting hydrazine for hydroxylamine in the 
depicted reaction sequences. Thiazoles of structural formula 
(II) may be prepared by routine adaptation of FIGS. 27, or 
by other well-known techniques. 

7.2 Assays For Modulation Of HCV 
The compounds of the invention are potent inhibitors of 

HCV replication and/or proliferation. The activity of the 
compounds of the invention can be confirmed in in vitro 
assays suitable for measuring inhibition of viral or retroviral 
replication or proliferation. Such assays are well-known in 
the art. A specific example of a replicon assay Suitable for 
confirming the activity of specific compounds is provided in 
the Examples section. Alternatively, the activity of the 
compounds can be confirmed using quantitative Western 
blot assays utilizing labeled antibodies specific for HCV 
proteins. Another assay that can be used to confirm the 
anti-HCV properties of the various compounds of the inven 
tion is described in Fournier et al., 1998: J. Gen. Virol. 
79(10):2367–2374, the disclosure of which is incorporated 
by reference. According to this method, hepatocytes can be 
tested in the process and absence of a specified test com 
pound and the ICs of the compound determined. 

Generally, active compounds are those which exhibit an 
IC, (e.g., concentration of compound that yields a 50% 
reduction in replication or a 50% reduction in the amount of 
measured HCV protein) in the particular assay in the range 
of about 1 mM or less. Compounds which exhibit an ICs. 
for example, in the range of about 100 uM, 10 LM, 1 uM, 
100 nM, 10 nM, 1 nM, or even lower, are particularly useful 
for as therapeutics or prophylactics to treat or prevent HCV 
infections. Alternatively, active compounds are those which 
exhibit an LDs (i.e., concentration of compound that kills 
50% of the virus) in the range of about 1 mM or less. 
Compounds which exhibit a lower LDs for example, in the 
range of about 100 uM, 10uM, 1 uM, 100 nM, 10 nM, 1 nM, 
or even lower, are particularly useful for as therapeutics or 
prophylactics to treat or prevent HCV infections. 

7.3 Uses and Administration 
Owing to their ability to inhibit HCV replication, and/or 

proliferation, the compounds of the invention and/or com 
positions thereof can be used in a variety of contexts. For 
example, the compounds of the invention can be used as 
controls in in vitro assays to identify additional more or less 
potent anti HCV compounds. As another example, the 
compounds of the invention and/or compositions thereof can 
be used as preservatives or disinfectants in clinical settings 
to prevent medical instruments and Supplies from becoming 
infected with HCV virus. When used in this context, the 
compound of the invention and/or composition thereof may 
be applied to the instrument to be disinfected at a concen 
tration that is a multiple, for example 1x, 2x. 3x, 4x, 5x or 
even higher, of the measured ICso for the compound. 
The compounds of the invention and/or compositions 

thereof find particular use in the treatment and/or prevention 
of HCV infections in animals and humans. When used in this 
context, the compounds may be administered per se, but are 
typically formulated and administered in the form of a 
pharmaceutical composition. The exact composition needed 
will depend upon, among other things, the method of 
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administration and will apparent to those of skill in the art. 
A wide variety of Suitable pharmaceutical compositions are 
described, for example, in Remington's Pharmaceutical 
Sciences, 17" ed., 1989. 

Formulations Suitable for oral administration can consist 
of (a) liquid solutions, such as an effective amount of the 
active compound Suspended in diluents, such as water, Saline 
or PEG 400; (b) capsules, sachets or tablets, each containing 
a predetermined amount of the active ingredient, as liquids, 
Solids, granules or gelatin; (c) suspensions in an appropriate 
liquid; and (d) Suitable emulsions. Tablet forms can include 
one or more of lactose. Sucrose, mannitol, Sorbitol, calcium 
phosphates, corn starch, potato starch, microcrystalline cel 
lulose, gelatin, colloidal silicon dioxide, talc, magnesium 
Stearate, Stearic acid, and other excipients, colorants, fillers, 
binders, diluents, buffering agents, moistening agents, pre 
servatives, flavoring agents, dyes, disintegrating agents, and 
pharmaceutically compatible carriers. Lozenge forms can 
comprise the active ingredient in a flavor, e.g., Sucrose, as 
well as pastilles comprising the active ingredient in an inert 
base. Such as gelatin and glycerin or Sucrose and acacia 
emulsions, gels, and the like containing, in addition to the 
active ingredient, carriers known in the art. 
The compound of choice, alone or in combination with 

other Suitable components, can be made into aerosol formu 
lations (i.e., they can be “nebulized') to be administered via 
inhalation. Aerosol formulations can be placed into pressur 
ized acceptable propellants, such as dichlorodifluo 
romethane, propane, nitrogen, and the like. 

Suitable formulations for rectal administration include, 
for example, Suppositories, which consist of the packaged 
nucleic acid with a Suppository base. Suitable Suppository 
bases include natural or synthetic triglycerides or paraffin 
hydrocarbons. In addition, it is also possible to use gelatin 
rectal capsules which consist of a combination of the com 
pound of choice with a base, including, for example, liquid 
triglycerides, polyethylene glycols, and paraffin hydrocar 
bons. 

Formulations suitable for parenteral administration, Such 
as, for example, by intraarticular (in the joints), intravenous, 
intramuscular, intradermal, intraperitoneal, and Subcutane 
ous routes, include aqueous and non-aqueous, isotonic ster 
ile injection Solutions, which can contain antioxidants, buff 
ers, bacteriostats, and solutes that render the formulation 
isotonic with the blood of the intended recipient, and aque 
ous and non-aqueous sterile Suspensions that can include 
Suspending agents, solubilizers, thickening agents, stabiliz 
ers, and preservatives. In the practice of this invention, 
compositions can be administered, for example, by intrave 
nous infusion, orally, topically, intraperitoneally, intravesi 
cally or intrathecally. Parenteral administration, oral admin 
istration, and intravenous administration are the preferred 
methods of administration. The formulations of compounds 
can be presented in unit-dose or multi-dose sealed contain 
ers, such as ampules and vials. Injection solutions and 
Suspensions can be prepared from Sterile powders, granules, 
and tablets of the kind previously described. 
The pharmaceutical preparation is preferably in unit dos 

age form. In Such form the preparation is Subdivided into 
unit doses containing appropriate quantities of the active 
component. The unit dosage form can be a packaged prepa 
ration, the package containing discrete quantities of prepa 
ration, such as packeted tablets, capsules, and powders in 
vials or ampoules. Also, the unit dosage form can be a 
capsule, tablet, cachet, or lozenge itself, or it can be the 
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appropriate number of any of these in packaged form. The 
composition can, if desired, also contain other compatible 
therapeutic agents. 

In therapeutic use for the treatment of HCV infection, the 
compounds utilized in the pharmaceutical method of the 
invention are administered to patients diagnosed with HCV 
infection at dosage levels suitable to achieve therapeutic 
benefit. By therapeutic benefit is meant that the administra 
tion of compound leads to a beneficial effect in the patient 
over time. For example, therapeutic benefit is achieved when 
the HCV titer or load in the patient is either reduced or stops 
increasing. Therapeutic benefit is also achieved if the admin 
istration of compound slows or halts altogether the onset of 
the organ damage or other adverse symptoms that typically 
accompany HCV infections, regardless of the HCV titer or 
load in the patient. 
The compounds of the invention and/or compositions 

thereof may also be administered prophylactically in 
patients that are at risk of developing HCV infection, or who 
have been exposed to HCV, to prevent the development of 
HCV infection. For example, the compounds of the inven 
tion and/or compositions thereof may be administered to 
hospital workers accidentally stuck with needles while 
working with HCV patients to lower the risk of, or avoid 
altogether, developing an HCV infection. 

Initial dosages suitable for administration to humans may 
be determined from in vitro assays or animal models. For 
example, an initial dosage may be formulated to achieve a 
serum concentration that includes the ICso of the particular 
compound being administered, as measured in an in vitro 
assay. Alternatively, an initial dosage for humans may be 
based upon dosages found to be effective in animal models 
of HCV infection, as is well-known in the art. Exemplary 
suitable model systems are described in Muchmore, 2001, 
Immumol. Rev. 183:86–93 and Lanford & Bigger, 2002, 
Virology 293(i): 1-9 and the references cited therein, the 
disclosure of which are incorporated herein by reference. As 
one example, the initial dosage may be in the range of about 
0.001 mg/kg to about 1000 mg/kg daily. A daily dose range 
of about 0.01 mg/kg to about 500 mg/kg, or about 0.1 mg/kg 
to about 200 mg/kg, or about 1 mg/kg to about 100 mg/kg, 
or about 10 mg/kg to about 50 mg/kg, can also be used. The 
dosages, however, may be varied depending upon the 
requirements of the patient, the severity of the condition 
being treated, and the compound being employed. The size 
of the dose also will be determined by the existence, nature, 
and extent of any adverse side-effects that accompany the 
administration of a particular compound in a particular 
patient. Determination of the proper dosage for a particular 
situation is within the skill of the practitioner. Generally, 
treatment is initiated with Smaller dosages which are less 
than the optimum dose of the compound. Thereafter, the 
dosage is increased by Small increments until the optimum 
effect under circumstances is reached. For convenience, the 
total daily dosage may be divided and administered in 
portions during the day, if desired. 

7.4 Combination Therapy 
In certain embodiments of the present invention, the 

compounds of the invention and/or compositions thereof can 
be used in combination therapy with at least one other 
therapeutic agent. A compound of the invention and/or 
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composition thereof and the therapeutic agent can act addi 
tively or, more preferably, synergistically. In a preferred 
embodiment, a compound of the invention and/or a compo 
sition thereof is administered concurrently with the admin 
istration of another therapeutic agent. In another embodi 
ment, a compound of the invention and/or composition 
thereof is administered prior or Subsequent to administration 
of another therapeutic agent. 

In one embodiment, the compounds of the invention 
and/or compositions thereof can be used in combination 
therapy with other antiviral agents. In an embodiment, the 
compounds of the invention and/or compositions thereof can 
be used in combination therapy with interferon-C. In another 
embodiment, the compounds of the invention and/or com 
positions thereof can be used in combination therapy with 
ribavarin. In another embodiment, the compounds of the 
invention and/or compositions thereof can be used in com 
bination therapy with ribavarin and interferon-C. 

8. EXAMPLES 

The following example is provided by way of illustration 
only and not by way of limitation. Those of skill in the art 
will readily recognize a variety of noncritical parameters 
that could be changed or modified to yield essentially similar 
results. 

8.1 Exemplary Compounds of the Invention Which 
Inhibit HCV Translation or Replication 
The inhibitory activity of certain exemplary compounds 

of the invention was confirmed using an HCV replicon 
assay. The HCV replicon can include such features as the 
HCV IRES, the HCV 3' untranslated region, selected HCV 
genes encoding HCV polypeptides, selectable markers, and 
a reporter gene Such as luciferase, GFP, etc. In the assay, 
actively dividing 5-2Luc replicon-comprising cells were 
seeded at a density of between about 5,000 and 7,500 
cells/well onto 96 well plates (about 90 ul of cells per well) 
and incubated at 37°C. and 5% CO for 24 hours. Then, the 
test compound (in a Volume of about 10 Jul) was added at 
various concentrations to each well and the cells were 
incubated for an additional 24 hours before luciferase assay. 
The cells were harvested, and HCV replication or translation 
was monitored via a reporter assay, e.g., a luciferase reporter 
assay. The media was aspirated from each cell and Bright 
Glo (Pharmacia, Peapack, N.J.) luciferase assay reagents 
were added to each well according to the manufacturers 
instructions. In this assay, the amount of test compound that 
yielded a 50% reduction in luciferase emission (ICs) was 
determined. 

Certain exemplary compounds of the invention were also 
tested for their ability to inhibit HCV replication using a 
quantitative Western blot analysis with antibodies specific 
for certain HCV proteins. In this assay, the amount of test 
compound that yielded a 50% reduction in the amount of the 
specified HCV protein as compared to a control sample 
(ICs) was determined. 
The results of the Replicon and Western blot assays are 

provided in TABLE 1, below. The structures of the indicated 
compounds are provided in FIG. 1. In TABLE 1, a value of 
“+” indicates an ICs of 10 uM or less in the specified assay; 
a value of '-' indicates an ICs of greater than 10 uM in the 
specified assay. A number of compounds exhibited ICsos in 
the Replicon assay in the nanomolar range. 


































